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A R e p o r t  t o  t h e  J o i n t  S t a n d i n g  C o m m it te e  
o n  M a r i n e  R e s o u r c e s  r e g a r d i n g :
THE ECONOMICS OF F IS H  STOCK ENHANCEMENT
I n  a c c o r d a n c e  w i t h  t h e  r e q u i r e m e n t s  o f  P . L .  1 9 9 3 ,  C h . 1 9 4  
"A n  A c t  C r e a t i n g  t h e  G r o u r i d f i s h  S t u d y  H a t c h e r y  C o m m is s io n "
By
T h e  G r o u n d f i s h  H a t c h e r y  S t u d y  C o m m is s io n
S u b m i t t e d :  J a n u a r y  1 9 9 4
THE ECONOMICS OF F IS H  STOCK ENHANCEMENT
A r e p o r t  o n  P h a s e  I  o f  a  s t u d y  f o r  t h e  M a in e  S t a t e  L e g i s l a t u r e  
i n  a c c o r d a n c e  w i t h  t h e  r e q u i r e m e n t s  o f  H .P .  2 1 1 ,  L .D . 2 7 3 ,  B i l l ,  
"A n A c t  C r e a t i n g  t h e  G r o u n d f i s h  H a t c h e r y  S t u d y  C o m m is s io n " .
I n t r o d u c t i o n
I n  r e s p o n s e  t o  a n  i n i t i a t i v e  b y  t h e  M a in e  F i s h e r m a n 's  
C o o p e r a t i v e  A s s o c i a t i o n  t h e  1 1 6 t h  L e g i s l a t u r e  p a s s e d  a n  a c t  
c r e a t i n g  a  13 p e r s o n  c o m m is s i o n  t o  i n v e s t i g a t e  t h e  f e a s i b i l i t y  o f  
e n h a n c i n g  t h e  g r o u n d f i s h  s t o c k s  o f f  t h e  c o a s t  o f  M a in e .  T h e  
c o m m is s i o n  c o n s i s t s  o f  r e p r e s e n t a t i v e s  f r o m  t h e  f i s h i n g ,  
s c i e n t i f i c ,  b u s i n e s s ,  a n d  e n v i r o n m e n t a l  c o m m u n i t i e s  a s  w e l l  a s  a  
c o m m i s s i o n e r ' s  d e s i g n e e  f r o m  t h e  D e p a r t m e n t  o f  M a r i n e  R e s o u r c e s .  
T h e  c o m m is s i o n  i s  t o  u n d e r t a k e  a  s t u d y  i n  tw o  p h a s e s .  I n  P h a s e  I ,  
t o  b e  c o m p l e t e d  b y  J a n u a r y  1 9 9 4 ,  t h e  c o m m is s i o n  i s  t o  i n v e s t i g a t e  
t h e  e c o n o m ic  f e a s i b i l i t y  o f  p r o d u c i n g  h a t c h e r y - r a i s e d  f i s h  i n  t h e  
S t a t e  a t  a  p r o d u c t i o n  l e v e l  t h a t  w i l l  a f f e c t  t h e  f i s h e r y .  I f  t h e  
e c o n o m i c  r e p o r t  i s  p o s i t i v e ,  t h e  J o i n t  S t a n d i n g  C o m m it te e  o n  M a r i n e  
R e s o u r c e s  w i l l  a p p r o v e  t h e  i n i t i a t i o n  o f  P h a s e  I I .  T h i s  p h a s e ,  t o  
b e  c o m p l e t e d  b y  J a n u a r y  1 9 9 5 ,  w i l l  d e t e r m i n e  t h e  n e e d  f o r  o n e  o r  
m o re  h a t c h e r i e s  a n d  t h e  a p p r o p r i a t e  m e t h o d s  f o r  r e v i t a l i z i n g  
l o c a l i z e d  s c h o o l s  o f  g r o u n d f i s h ,  a n d  t h e  t e n d e n c y  o f  g r o u n d f i s h  t o  
r e t u r n  t o  t h e i r  b r e e d i n g  a r e a s .  I n  a d d i t i o n  t h e  c o m m is s i o n  w i l l  
d e t e r m i n e  t h e  i m p a c t  o f  i n t r o d u c i n g  h a t c h e r y - r a i s e d  g r o u n d f i s h  i n t o  
t h e  g r o u n d f i s h e r y .
C o m m is s io n  M e m b e rs  a n d  M e e t i n g  R e p o r t
A l i s t  o f  t h e  G r o u n d f i s h  H a t c h e r y  S t u d y  C o m m is s io n  m e m b e rs  i s  
a p p e n d e d  t o  t h i s  r e p o r t .
T h e  c o m m is s i o n  w a s  a p p o i n t e d  b y  t h e  C o m m is s io n e r  o f  t h e  
D e p a r t m e n t  o f  M a r i n e  R e s o u r c e s  i n  A u g u s t .  T h e y  f o r m a l l y  m e t  o n  
S e p t e m b e r  2 1 s t  t o  r e v i e w  t h e  s t a t u a r y  c h a r g e  o f  t h e  C o m m is s io n ,  t o  
r e v i e w  a  t r i p  r e p o r t  o n  a  r e c e n t  s y m p o s iu m  ( J u n e  1 9 9 3 )  o n  s e a  
r a n c h i n g  o f  c o d  i n  N o rw a y , a n d  t o  d i s c u s s  t h e  c o m m i s s i o n 's  g o a l s  
a n d  o b j e c t i v e s  a n d  t o  e s t a b l i s h  a  t i m e  l i n e  a n d  w o r k  a s s i g n m e n t s .  
A t  t h a t  m e e t i n g  i t  w a s  d e c i d e d  t h a t  a n  e c o n o m ic  m o d e l  s h o u l d  b e  
c o n s t r u c t e d  t o  i n v e s t i g a t e  t h e  v a r i a b l e s  t h a t  w o u ld  d e t e r m i n e  t h e  
f a c t o r s  c o n t r o l l i n g  t h e  s u c c e s s  o r  f a i l u r e  o f  a  h a t c h e r y  o p e r a t i o n .  
On O c t o b e r  2 6 t h ,  t h e  U n i v e r s i t y  o f  New H a m p s h i r e  S e a  G r a n t  P r o g r a m  
s p o n s o r e d  a  w o r k s h o p  e n t i t l e d  "C o d  S e a  R a n c h i n g :  I d e n t i f y i n g  t h e  
N e x t  S t e p "  w h e r e  a  c o m m is s io n  p r o g r e s s  r e p o r t  w a s  p r e s e n t e d .  T h e  
r e p o r t  f r o m  t h a t  w o r k s h o p  i s  a p p e n d e d  t o  t h i s  d o c u m e n t .  A s e c o n d  
m e e t i n g  o f  t h e  f u l l  c o m m is s io n  w a s  h e l d  o n  N o v e m b e r  1 9 t h  t o  r e v i e w  
t h e  e c o n o m i c  m o d e l  a n d  d i s c u s s  t h e  d a t a  n e e d s  f o r  t h e  f i n a l  P h a s e  
I  r e p o r t .  A d r a f t  r e p o r t  w a s  p r e p a r e d  a n d  c i r c u l a t e d  t o  a l l  
c o m m is s i o n  m e m b e rs  i m m e d i a t e l y  a f t e r  t h e  new  y e a r  a n d  t h i s  f i n a l  
d r a f t  r e p r e s e n t s  a  c o n s e n s u s  o f  t h e  e n t i r e  c o m m is s i o n  m e m b e r s h i p .
C o m m is s io n  R e c o m m e n d a t io n s
I t  i s  t h e  o p i n i o n  o f  t h e  G r o u n d f i s h  H a t c h e r y  S t u d y  C o m m is s io n  
t h a t  P h a s e  I I  o f  t h i s  p r o j e c t  s h o u l d  c o n t i n u e .  T h e  e c o n o m ic  m o d e l  
p r e s e n t s  e n c o u r a g i n g  s u r v i v a l  r a t e s  f o r  h a t c h e r y - r a i s e d  f i s h  w h ic h  
w o u ld  b e  s u f f i c i e n t  t o  r e c a p t u r e  t h e  i n v e s t m e n t  i n  a n  e n h a n c e m e n t  
o p e r a t i o n  o v e r  a  p r o j e c t e d  t e n  y e a r  t i m e  s p a n .
T h e  m o d e l  d e t e r m i n e s  t h e  b r e a k - e v e n  p o i n t  f o r  a  h a t c h e r y  
o p e r a t i o n  b a s e d  o n  t h e  r e t u r n  t o  t h e  g r o u n d f i s h e r y  a s  a d d i t i o n a l  
l a n d e d  v a l u e  a c c r u e d  t o  t h e  f i s h e r y  i n  t h e  c o u r s e  o f  n o r m a l  
o p e r a t i o n s .  I t  d o e s  n o t  c o n s i d e r  a n y  m u l t i p l i e r  e f f e c t s  t h a t  w o u ld  
co m e f r o m  a n  i n c r e a s e d  h a r v e s t  a n d  e x p e n d i t u r e s  o n  s u c h  t h i n g s  a s  
n e t s ,  b o a t  r e p a i r ,  a n d  o t h e r  i t e m s  d i r e c t l y  r e l a t e d  t o  t h i s  
e c o n o m i c  g a i n .  I n  a n  I n p u t : O u t p u t  m o d e l  o f  M a i n e 's  f i s h i n g  
i n d u s t r y ,  b y  B r i g g s ,  T o w n s e n d  a n d  W i l s o n  ( s e e  M a r i n e  F i s h e r i e s  
R e v ie w ,  J a n u a r y  1 9 8 2 )  a d d i t i o n a l  f i s h  l a n d i n g s  r e s u l t  i n  a n  a d d e d  
b e n e f i t  t o  b o t h  t h e  h a r v e s t i n g  s e c t o r  a n d  p r o c e s s i n g  s e c t o r .  T h e  
m u l t i p l i e r s  f o r  i n c o m e s  g e n e r a t e d  f r o m  a d d i t i o n a l  l a n d i n g s  a r e  1 .3 2  
f o r  h a r v e s t e r s  a n d  1 .3 3  f o r  p r o c e s s o r s .  I n  o t h e r  w o r d s ,  a  
s u c c e s s f u l  h a t c h e r y  o p e r a t i o n  w o u ld  h a v e  a  n e t  p o s i t i v e  e f f e c t  o n  
t h e  i n f r a s t r u c t u r e  o f  t h e  f i s h i n g  i n d u s t r y  w h ic h  s u g g e s t s  t h a t  o u r  
h a t c h e r y  s u r v i v a l  r a t e s  c o u l d  b e  l o w e r  t h a n  o u r  m o d e l  r e q u i r e s  f o r  
a  b r e a k - e v e n  o p e r a t i o n .
T h e  p o t e n t i a l  f o r  s t o c k  e n h a n c e m e n t  t h r o u g h  a  f i s h  h a t c h e r y  i s  
n o t  o n l y  b e i n g  r e c o g n i z e d  b y  t h e  s t a t e  o f  M a in e  b u t  a l s o  b y  t h e  
f e d e r a l  g o v e r n m e n t .  T h e  r e c e n t l y  e s t a b l i s h e d  N o r t h w e s t  A t l a n t i c  
F i s h e r i e s  R e i n v e s t m e n t  P r o g r a m  r e c o g n i z e s  t h e  p o t e n t i a l  f o r  
r e s t o r i n g  t h e  d e p l e t e d  New E n g l a n d  g r o u n d f i s h  s t o c k s  t h r o u g h  
a q u a c u l t u r e  a n d  h a t c h e r y  p r o g r a m s .  S i m i l a r l y ,  t h e  l a t e s t  l i s t  o f  
S a l t o n s t a l l - K e n n e d y  F i s h e r i e s  D e v e lo p m e n t  P r o g r a m  p r i o r i t i e s  
r e c o g n i z e s  t h e  sa m e  n e e d .  B o th  o f  t h e s e  p r o g r a m s  a r e  p o t e n t i a l  
s o u r c e s  o f  f e d e r a l  f u n d i n g .  C o m p l e t i o n  o f  P h a s e  I I  o f  t h i s  
G r o u n d f i s h  H a t c h e r y  S t u d y  C o m m i s s i o n 's  r e p o r t  s h o u l d  p u t  M a in e  i n  
a n  a d v a n t a g e o u s  p o s i t i o n  f o r  s e c u r i n g  f i n a n c i a l  s u p p o r t  f o r  
d e v e l o p i n g  a  h a t c h e r y  p r o g r a m .
P h a s e  I I  o f  t h i s  p r o j e c t  w i l l  g i v e  t h e  c o m m is s i o n  t h e  
o p p o r t u n i t y  t o  e x p l o r e ,  a n d  re c o m m e n d  d e v e l o p m e n t  o f ,  r e s e a r c h  
p r o g r a m s  t h a t  w o u ld  a d d r e s s  i n c r e a s i n g  t h e  s u r v i v a l  o f  r e l e a s e d  
f i s h .  T h e  c o d  s e a  r a n c h i n g  s y m p o s iu m  i n  N o rw a y  a n d  t h e  w o r k s h o p  a t  
t h e  U n i v e r s i t y  o f  New H a m p s h i r e  ( s e e  a t t a c h e d )  b o t h  p o i n t  t o  t h e  
n e e d  f o r  u n d e r s t a n d i n g  t h e  b i o l o g i c a l  p o t e n t i a l  o f  t h e  e c o s y s t e m  
f o r  s u s t a i n i n g  r e l e a s e d  f i s h ,  a n d  t h e  n e e d  f o r  d i s t i n g u i s h i n g  t h e s e  
f i s h  f r o m  t h e i r  w i l d  c o u n t e r p a r t s .  O u r  e c o n o m ic  m o d e l  p r o j e c t i o n s  
a r e  b a s e d  o n  t h e  b e s t  b i o l o g i c a l  i n f o r m a t i o n  a v a i l a b l e .  I t  s h o u l d  
b e  r e c o g n i z e d ,  h o w e v e r ,  t h a t  f u r t h e r  r e s e a r c h  o n  f i s h  h a b i t a t  w i l l  
n o t  o n l y  e n a b l e  u s  t o  e m p i r i c a l l y  e v a l u a t e  h a t c h e r y  s u c c e s s  b u t  
a l s o  d e v e l o p  a  p o s i t i v e ,  r a t h e r  t h a n  r e s t r i c t i v e ,  m a n a g e m e n t  
s t r a t e g y  f o r  t h e  G u l f  o f  M a in e .  T h i s  m a n a g e m e n t  a p p r o a c h  w i l l ,  i f  
s u c c e s s f u l ,  a l l o w  o u r  f i s h e r m e n  t o  c o n t i n u e  h a r v e s t i n g  f i s h  w i t h o u t  
t h e  d e v a s t a t i n g  c o n s e q u e n c e s  t h e  i n d u s t r y  i s  c u r r e n t l y  
e x p e r i e n c i n g .
T h e  E c o n o m ic  M o d e l
T h e  e c o n o m ic  m o d e l  d e t e r m i n e s  t h e  b r e a k - e v e n  p o i n t  o f  a  
g r o u n d f i s h  h a t c h e r y  w h e r e  t h e  l a n d e d  v a l u e  o f  f i s h  c a u g h t  i n  t h e  
f i s h e r y  e q u a l s  t h e  h a t c h e r y  c o s t s  o f  r e a r i n g  t h e s e  f i s h  p r i o r  t o  
t h e i r  r e l e a s e  i n  t h e  e n v i r o n m e n t .  T h e  p o t e n t i a l  e c o n o m ic  g a i n  f ro m  
a  h a t c h e r y  p r o g r a m  i s  e x p r e s s e d  i n  t e r m s  o f  s u r v i v a l  o f  f i s h  f ro m  
b i r t h  t h r o u g h  c a p t u r e  a t  a  m a r k e t a b l e  s i z e .
I n p u t  p a r a m e t e r s  f o r  t h e  e c o n o m ic  m o d e l  i n c l u d e :  1 ) k n o w le d g e  
o f  t h e  t i m i n g  o f  c r i t i c a l  l i f e  s t a g e s  ( e g .  h a t c h i n g  t i m e ,  t i m e  o f  
f i r s t  f e e d i n g  f o r  l a r v a l  f i s h ,  l e n g t h  o f  t h e  t i m e  a  g r o u n d f i s h  
l i v e s  i n  t h e  w a t e r  c o lu m n  p r i o r  t o  s e t t l i n g  t o  t h e  b o t t o m )  2 ) r a t e  
o f  n a t u r a l  m o r t a l i t y  f o r  a l l  c r i t i c a l  l i f e  s t a g e s  3 ) w e i g h t  a t  a g e
4 ) c a t c h  a t  a g e  5 ) p r i c e  p e r  u n i t  w e i g h t  o f  h a r v e s t e d  f i s h  ( l a n d e d  
v a l u e )  a n d  6 ) h a t c h e r y  a n d  o t h e r  p r o d u c t i o n  c o s t s .  F o r  o u r  
m o d e l l i n g  i n v e s t i g a t i o n  t h e s e  i n p u t  d a t a  w e r e  t a k e n  f r o m  t h e  
s c i e n t i f i c  l i t e r a t u r e  o r  w e r e  b a s e d  o n  e x p e r i e n c e  o f  c o m m is s i o n  
m e m b e r s .  F o r  e x a m p l e ,  p r i c e ,  c a t c h  a t  a g e ,  a n d  w e i g h t  a t  a g e  d a t a  
a r e  p u b l i s h e d  b y  t h e  N a t i o n a l  M a r i n e  F i s h e r i e s  S e r v i c e  w h i l e  
h a t c h e r y  o p e r a t i o n  c o s t s  w e r e  s u p p l i e d  b y  c o m m is s i o n  m e m b e rs  w ho 
h a v e  e x t e n s i v e  e x p e r i e n c e  r a i s i n g  s a l m o n .  C r i t i c a l  l i f e  s t a g e  
i n f o r m a t i o n  a n d  n a t u r a l  m o r t a l i t y  w e r e  b a s e d  o n  d i s c u s s i o n s  w i t h  
N a t i o n a l  M a r i n e  F i s h e r i e s  S e r v i c e  p e r s o n n e l  a n d / o r  t h e  s c i e n t i f i c  
l i t e r a t u r e .
T h e  l e a s t  w e l l  k n o w n  l i f e  s t a g e  i n f o r m a t i o n  c o n c e r n s  t h e  
e x p e c t e d  s u r v i v a l  r a t e s  o f  t h e  f i s h  f o l l o w i n g  t h e i r  r e l e a s e  f ro m  
t h e  h a t c h e r y .  C o n s e q u e n t l y  t h e  m o d e l  i s  r u n  b y  m a k in g  a n  i n i t i a l  
e s t i m a t e  f o r  t h e  r e q u i r e d  s u r v i v a l  r a t e  t h r o u g h  t o  a d u l t h o o d ,  w h e n  
t h e  h a t c h e r y  p r o d u c t i o n  c o s t s  w o u ld  b e  r e c o v e r e d  b y  t h e  f i s h e r y .  
T h e  c o s t s  a n d  b e n e f i t s  a r e  a c c u m u l a t e d  a n d  t h e  o r i g i n a l  e s t i m a t e  i s  
r e f i n e d  u n t i l  a  b r e a k - e v e n  h a t c h e r y  s u r v i v a l  r a t e  i s  a c h i e v e d .  
W h e th e r  t h i s  s u r v i v a l  r a t e  i s  r e a l i s t i c  i s  a  j u d g e m e n t  b a s e d  o n  o u r  
k n o w le d g e  o f  t h e  b i o l o g y  o f  t h e  p a r t i c u l a r  g r o u n d f i s h  s p e c i e s  a n d  
i s  e s s e n t i a l l y  a  b i o l o g i c a l  j u d g e m e n t .
F o r  t h e  p u r p o s e s  o f  t h i s  r e p o r t  t h e  c o m m is s i o n  d e c i d e d  t o  
f o c u s  o n  t h e  A t l a n t i c  c o d  a n d  m i n i m i z e  h a t c h e r y  o p e r a t i o n  c o s t s  b y  
" k e e p i n g  i t  s i m p l e " .  C od  w a s  s e l e c t e d  b e c a u s e  i t  i s  t h e  " b r e a d  a n d  
b u t t e r "  s p e c i e s  o f  t h e  M a in e  g r o u n d  f i s h i n g  f l e e t  a n d  " k e e p i n g  i t  
s i m p l e "  i s  i n t e r p r e t e d  a s  r e l e a s i n g  t h e  f i s h  f r o m  t h e  h a t c h e r y  a t  
t h e  e a r l i e s t  t i m e  t h a t  w o u ld  m a x im iz e  l a r v a l  s u r v i v a l .  F o r  t h i s  
i n v e s t i g a t i o n  tw o  r e l e a s e  s t r a t e g i e s  w e r e  e m p l o y e d .  I n  t h e  f i r s t  
c a s e ,  f e r t i l i z e d  e g g s  w e r e  r e l e a s e d  w h i l e  t h e  s e c o n d  s t r a t e g y  
i n v o l v e d  h o l d i n g  t h e  l a r v a e  u n t i l  t h e  y o l k  s a c  w a s  a b s o r b e d  a n d  
t h e y  w e r e  a b o u t  t o  s t a r t  f e e d i n g  o n  w i l d  f o o d .  T h e  m o d e l  c o u l d  b e  
r u n  t h r o u g h  t o  l a t e r  l i f e  s t a g e s  f o r  r e l e a s e  a n d  e v e n  t h r o u g h  t h e  
a q u a c u l t u r a l  p r o d u c t i o n  o f  a n  a d u l t ,  m a r k e t  s i z e ,  f i s h .  A l t h o u g h  
A t l a n t i c  c o d  d o e s  n o t ,  o n  a v e r a g e ,  h a v e  a s  h i g h  a  m a r k e t  v a l u e  a s  
e i t h e r  h a d d o c k  o r  w i t c h  f l o u n d e r  i t  d o e s  h a v e  a  h i g h  g r o w t h  r a t e  
a n d  i s  a  " r o b u s t "  f i s h .  T h e r e  i s  a l s o  e x t e n s i v e  s c i e n t i f i c  
l i t e r a t u r e  o n  c o d  w h i c h  m a k e s  t h e  i n p u t  f o r  t h e  e c o n o m ic  m o d e l  m o re  
r e a l i s t i c .
M o d e l I n p u t  V a l u e s
1 ) K n o w le d g e  o f  t h e  t i m i n g  o f  c r i t i c a l  l i f e  s t a g e s .
A t l a n t i c  c o d  e x p e r i e n c e  s e v e r a l  m a j o r  c h a n g e s  i n  t h e i r  l i f e  
h a b i t s  a s  t h e y  g r o w  i n t o  m a r k e t a b l e  f i s h .  F i r s t  t h e y  a r e  
f e r t i l i z e d  e g g s  t h a t  d e v e l o p  i n t o  y o l k  s a c  l a r v a e .  F o l l o w i n g  t h i s  
s t a g e  t h e y  b e g i n  t o  f e e d  a n d  b e c o m e  t r u e  p e l a g i c  l a r v a l  f i s h .  
F i n a l l y  t h e y  s e t t l e  t o  t h e  s e a  f l o o r  w h e r e  t h e y  t a k e  o n  t h e  
c h a r a c t e r i s t i c  b e h a v i o r  o f  a d u l t s .  F i s h  a t  e a c h  o f  t h e s e  s t a g e s  
e x p e r i e n c e s  d i f f e r e n t  l e v e l s  o f  n a t u r a l  m o r t a l i t y  w h i c h ,  o b v i o u s l y ,  
h a s  a  m a j o r  i m p a c t  o n  t h e  s u c c e s s  o f  h a t c h e r y  p r o d u c t i o n .  H a t c h i n g  
a n d  d e v e l o p m e n t  a r e  t e m p e r a t u r e  d e p e n d e n t  a n d  v a r i a b l e  i n  n a t u r e .  
I n  a  h a t c h e r y  w e a r e  a b l e  t o  m a i n t a i n  a n  o p t i m a l  t e m p e r a t u r e  f o r  
d e v e l o p m e n t  a n d  t h e r e f o r e  we h a v e  a s s u m e d  t h a t  t h e  f i s h  r e m a i n  i n  
a  p a r t i c u l a r  s t a g e  f o r  a  f i x e d  p e r i o d  i n  t h i s  m o d e l .  C od  r e m a i n  a s  
e g g s  a n d  y o l k  s a c  l a r v a e  f o r  t h r e e  w e e k s .  T h e y  t h e n  a r e  p e l a g i c  
l a r v a e  u n t i l  t h e y  a r e  f i v e  m o n th s  o l d  w h e n  t h e y  s e t t l e  o u t  o f  t h e  
w a t e r  c o lu m n  a n d  e s s e n t i a l l y  b e c o m e  a d u l t s .
2 ) R a t e  o f  n a t u r a l  m o r t a l i t y  f o r  a l l  c r i t i c a l  l i f e  s t a g e s .
E g g  m o r t a l i t y  i s  a s s u m e d  t o  b e  25% o f  t h e  t o t a l  p r o d u c t i o n  i n  
t h e  f i r s t  w e e k  i n  t h e  h a t c h e r y .  T h i s  25% a s s u m e s  t h e  l e v e l  o f  
m o r t a l i t y  t h e  e g g s  w o u ld  e x p e r i e n c e  u n d e r  h a t c h e r y  c o n d i t i o n s  p r i o r  
t o  r e l e a s e .  I n  t h e  s e c o n d  s t r a t e g y ,  w h e n  f i s h  a r e  i n  t h e  h a t c h e r y  
u n t i l  t h e y  h a v e  a b s o r b e d  t h e i r  y o l k  s a c ,  a n  a d d i t i o n a l  25% o f  t h e  
f i s h  a r e  a s s u m e d  t o  d i e  p r i o r  t o  r e l e a s e .  M o r t a l i t y  o f  p e l a g i c  
l a r v a e  i s  r e p o r t e d  i n  t h e  s c i e n t i f i c  l i t e r a t u r e  t o  b e  a b o u t  5% p e r  
d a y  u n t i l  t h e y  a r e  f i v e  m o n th s  o l d .  N a t u r a l  m o r t a l i t y  t h e n  
c o n t i n u e s  a t  a  h i g h  b u t  e s s e n t i a l l y  u n k n o w n  r a t e  f o r  t h e  r e m a i n d e r  
o f  t h e  f i r s t  y e a r  o f  l i f e .  F o r  b o t h  r e l e a s e  s t r a t e g i e s  we h a v e  
a s s u m e d  a  n a t u r a l  m o r t a l i t y  r a t e  i n  e x c e s s  o f  95% o v e r  t h e  f i r s t  
y e a r  f o l l o w i n g  r e l e a s e  i n  t h e  e n v i r o n m e n t .  T h e  a c c e p t e d  n a t u r a l  
m o r t a l i t y  r a t e  (M) f o r  a d u l t  f i s h  i s  20% p e r  y e a r  a n d ,  i n  t h e  
m o d e l ,  t h i s  v a l u e  i s  a p p l i e d  t o  f i s h  f o l l o w i n g  t h e i r  f i r s t  y e a r .
3) W e ig h t  a t  a g e
W e ig h  a t  a g e  d a t a  h a s  b e e n  c o l l e c t e d  b y  t h e  N a t i o n a l  M a r in e  
F i s h e r i e s  S e r v i c e  f o r  t h e  G u l f  o f  M a in e  s t o c k ,  NAFO D i v i s i o n  5Y, 
f o r  t h e  p e r i o d  1 9 8 2 - 1 9 9 1 .  T h e s e  d a t a  a r e  p u b l i s h e d  i n :  " T h e  R e p o r t  
o f  t h e  1 5 t h  N o r t h e a s t  R e g i o n a l  S t o c k  A s s e s s m e n t  W o rk s h o p "  N o r t h e a s t  
F i s h e r i e s  S c i e n c e  C e n t e r  R e f e r e n c e  D o c u m e n t 9 3 - 0 6 ,  i s s u e d  i n  
F e b r u a r y  1 9 9 3 .  T h e  a v e r a g e  y e a r  c l a s s  w e i g h t s  w e r e  c a l c u l a t e d  o v e r  
t h i s  t e n  y e a r  p e r i o d  a n d  t h e s e  v a l u e s  a r e :  A g e  3 =  3 . 7 8 1 b s ,  A g e  4 
= 5 . 9 9 1 b s , A ge  5 =  9 . 5 9 1 b s ,  A ge 6 = 1 4 . 0 0 l b s ,  A g e  7 = 1 9 . 1 2 1 b s ,  A ge 
8 =  2 3 . 8 6 ,  A ge 9 =  2 9 . 4 5 1 b s ,  A ge 10  =  3 2 .9 1 1 b s
4 ) C a t c h  a t  a g e
F o r  t h e  m o d e l  i t  i s  a s s u m e d  t h a t  f i s h  r e c r u i t  t o  t h e  f i s h e r y  
a t  a g e  t h r e e  a n d  48% o f  t h e  e n t i r e  s t o c k  i s  h a r v e s t e d  e a c h  y e a r .  
F i s h i n g  m o r t a l i t y  r a t e s  a r e  r e p o r t e d  i n  t h e  N o r t h e a s t  F i s h e r i e s  
S c i e n c e  C e n t e r  R e f e r e n c e  D o c u m e n t 9 3 - 0 6  a s  i n s t a n t a n e o u s  r a t e s .  
P r i o r  c a l c u l a t i o n s  b y  c o m m is s i o n  m e m b e rs  h a v e  c o n v e r t e d  t h e s e  r a t e s  
i n t o  a n  e q u i v a l e n t  y e a r l y  m o r t a l i t y  r a t e .  T h e  y e a r l y  m o r t a l i t y  
r a t e s  w e r e  t h e n  a p p l i e d  t o  t h e  m o d e l  b y  su m m in g  t h e  8 y e a r  c a t c h  
p e r i o d ,  a g e  3 t o  a g e  1 0 ,  a n d  d i v i d i n g  t o  g a i n  t h e  a v e r a g e  c a t c h  
r a t e  e x p r e s s e d  a b o v e .
5 ) P r i c e  p e r  u n i t  w e i g h t  o f  h a r v e s t e d  f i s h
T h r e e  p r i c e  c a t e g o r i e s  o f  c o d  w e r e  e s t a b l i s h e d  a n d  t h e  l a n d e d  
v a l u e  f o r  t h e s e  s i z e  c l a s s e s  a t  t h e  P o r t l a n d  F i s h  E x c h a n g e  w e r e  
u s e d  i n  t h e  m o d e l .  T h e y  a r e  $ 0 .6 0  p e r  p o u n d  f o r  s c r o d ,  $ 0 . 8 0  p e r  
p o u n d  f o r  m a r k e t  c o d ,  a n d  $ 1 .0 0  p e r  p o u n d  f o r  l a r g e  c o d .  T h e s e  
n u m b e r s  a r e  f i x e d  f o r  a l l  m o d e l  r u n s .  I n  o t h e r  w o r d s ,  t h e y  a r e  n o t  
a d j u s t e d  f o r  s e a s o n ,  o r  f o r  i n f l a t i o n a r y  i n c r e a s e s ,  o r  p o t e n t i a l  
p r i c e  i n c r e a s e s  o r  d e c r e a s e s  a s  c o d  b e c o m e  m o re  o r  l e s s  a b u n d a n t  
o v e r  t i m e .
6 ) H a t c h e r y  a n d  o t h e r  p r o d u c t i o n  c o s t s
H a t c h e r y  c o s t s  a r e  c o n s i d e r e d  i n  tw o  w a y s .  F i r s t ,  t h e r e  i s  
t h e  u p  f r o n t  c o s t  o f  p r o d u c i n g  f i s h  b a s e d  o n  e s t i m a t e s  f r o m  o u r  
c o m m is s i o n  m e m b e rs  e x p e r i e n c e  o p e r a t i n g  h a t c h e r i e s  i n  M a in e .  I n  
t h e  tw o  h a t c h e r y  r e l e a s e  s t r a t e g i e s  t h e s e  e s t i m a t e d  c o s t s  r a n g e d  
f r o m  $ 0 ,0 0 5  t o  $ 0 .0 4  p e r  f i s h .  S e c o n d ,  t h e r e  i s  t h e  c o s t  o f  
b o r r o w i n g  t h e  m o n e y  t o  p r o d u c e  t h e  f i s h  a n d  t h e  a s s o c i a t e d  i n t e r e s t  
r a t e s  f o r  t h e s e  l o a n s  w e r e  e s t i m a t e d  t o  r a n g e  f r o m  5% t o  20% f o r  
b o r r o w i n g  m o n e y  o v e r  a  t e n  y e a r  p e r i o d .
M o d e l R e s u l t s
Two h a t c h e r y  r e l e a s e  s t r a t e g i e s  a r e  p r e s e n t e d  b e l o w ,  a n d  i n  
t h e  a c c o m p a n y in g  t a b l e s  a n n d  f i g u r e s ,  a n d  r e p r e s e n t  e a r l y  r e l e a s e  
o f  l a r v a l  f i s h  r a t h e r  t h a n  t r y i n g  t o  g ro w  f i s h  i n  a  h a t c h e r y  f o r  a  
p r o l o n g e d  p e r i o d .
I n  t h e  f i r s t  e x a m p l e ,  f e r t i l i z e d  e g g s  a r e  r e l e a s e d  a f t e r  o n e  
w e e k  i n  t h e  h a t c h e r y .  I n  t h i s  c a s e  i t  i s  a s s u m e d  t h e  c o s t  p e r  f i s h  
c o u l d  r a n g e  f r o m  $ 0 ,0 0 5  t o  $ 0 .0 2  a n d  t h e  i n t e r e s t  r a t e  w a s  v a r i a b l e  
f r o m  5% t o  20% . A t  t h e  l o w e s t  c o s t  p e r  f i s h  ( $ 0 ,0 0 5 )  a n d  t h e  
l o w e s t  (5%) i n t e r e s t  r a t e  3 f i s h  o u t  o f  e v e r y  t h o u s a n d  r e l e a s e d  
w o u ld  h a v e  t o  s u r v i v e  u p  t o  t h e  a g e  j u s t  p r i o r  t o  t h e i r  r e c r u i t m e n t  
i n t o  t h e  f i s h e r y  ( a g e  3 ) f o r  t h e  h a t c h e r y  o p e r a t i o n  t o  r e c o v e r  i t s  
c o s t s  o v e r  a  t e n  y e a r  p e r i o d .  I n  o t h e r  w o r d s ,  i t  w o u ld  r e q u i r e  a  
0 .3 1 %  s u r v i v a l  r a t e  f o r  t h e  s t a t e  t o  r e c o v e r  i t s  i n v e s t m e n t  i n  a  
h a t c h e r y .  I n  c o n t r a s t ,  a t  $ 0 .0 2  p e r  f i s h  a n d  a  20% i n t e r e s t  r a t e  
i t  w o u ld  r e q u i r e  a  2 .1 0 %  s u r v i v a l  r a t e .
I n  t h e  s e c o n d  e x a m p l e ,  t h e  f i s h  a r e  k e p t  i n  t h e  h a t c h e r y  a n  
a d d i t i o n a l  tw o  w e e k s ,  u n t i l  t h e y  h a v e  a l m o s t  a b s o r b e d  t h e i r  y o l k  
s a c  a n d  a r e  a b o u t  t o  b e c o m e  t r u l y  p e l a g i c  l a r v a l  f i s h .  T h e  
i n t e r e s t  r a t e s  w o u ld  r e m a i n  t h e  s a m e  b u t  t h e  c o s t  p e r  f i s h  
i n c r e a s e s  t o  a  r a n g e  o f  $ 0 .0 1  t o  $ 0 .0 4  p e r  f i s h  d u e  t o  t h e  
a d d i t i o n a l  t i m e  t h e  a n i m a l s  a r e  h e l d  i n  t h e  h a t c h e r y .  I n  t h i s  c a s e  
t h e  l e a s t  e x p e n s i v e  ( $ 0 . 0 1  p e r  f i s h  a n d  a  5% i n t e r e s t  r a t e )  
c o m b i n a t i o n  w o u ld  r e q u i r e  t h a t  8 . 2  f i s h  o u t  o f  e v e r y  t h o u s a n d  
r e l e a s e d  s u r v i v e ,  o r  a  0 .8 2 %  s u r v i v a l  r a t e .  On t h e  h i g h  e n d  ( $ 0 .0 4  
p e r  f i s h  a n d  20% i n t e r e s t )  t h e  s u r v i v a l  r a t e  i n c r e a s e s  t o  5 .6 1 %  o r  
56  f i s h  o u t  o f  e v e r y  t h o u s a n d  r e l e a s e d .
T h e s e  c a l c u l a t i o n s  w e r e  a l l  b a s e d  o n  a  h a t c h e r y  e m p l o y i n g  a  
s t a f f  o f  t h r e e  w i t h  50  s i x  f o o t  d i a m e t e r  t a n k s .  E a c h  t a n k  c a n  h o l d  
b e tw e e n  5 t o  10  m i l l i o n  e g g s .  F o r  t h e  f i r s t  s t r a t e g y ,  p r o d u c t i o n  
w o u ld  b e  p h a s e d  o v e r  a  p e r i o d  o f  t i m e  s o  t h a t  h a t c h e d  f i s h  a r e  
r e a d y  f o r  r e l e a s e  a l m o s t  w e e k l y  f o r  u p  t o  a  t h r e e  m o n th  p e r i o d .  A 
f a c i l i t y  o f  t h i s  s o r t  s h o u l d  b e  a b l e  t o  p r o d u c e  f a r  m o re  h a t c h e d  
e g g s  t h a n  i t s  m axim um  o n e  t i m e  c a p a c i t y  o f  50  m i l l i o n .  F o r  t h e  
p u r p o s e s  o f  t h i s  e s t i m a t e  o f  f e a s i b i l i t y ,  c o s t s  a r e  b a s e d  o n  
" b a t c h e s "  o f  50  m i l l i o n  e g g s .  U n d e r  t h e  s e c o n d  s t r a t e g y ,  h o l d i n g  
t h e  l a r v a e  u n t i l  t h e y  h a v e  a b s o r b e d  t h e i r  y o l k  s a c ,  t h e  s a m e  s t a f f  
o f  t h r e e  a n d  s i m i l a r  t a n k  c a p a c i t y  w o u ld  p r o d u c e  f e w e r  ' b a t c h e s '  
f o r  r e l e a s e  o v e r  t h e  t h r e e  m o n t h s ,  s i n c e  y o l k  s a c  a b s o r p t i o n  w o u ld  
t a k e  a n  a d d i t i o n a l  tw o  w e e k s ,  b u t  t h i s  t i m e  w o u ld  b e  o f f s e t  b y  a n  
i n c r e a s e d  l a r v a l  s u r v i v a l  r a t e .
I n  t h e  h a t c h e r y ,  f i f t y  t a n k s  i n i t i a l l y  h o l d i n g  5 m i l l i o n  e g g s  
e a c h ,  w o u ld  p r o d u c e  5 7 4 ,6 7 2  a d u l t  f i s h  a t  t h e  b r e a k - e v e n  l e v e l  
a s s u m i n g  a  s u r v i v a l  r a t e  o f  0 .3 1 % . I f  t h e  h a t c h e r y  r e l e a s e d  
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E xecutive S u m m ary  o f th e  W o rk sh o p
In order to evaluate prospects fo r the enhancem ent o f  natural stocks o f  cod and other 
groundfish in the N orthw estern Atlantic, we require considerably m ore fundam ental inform ation 
about the aquaculture o f  the fish and the dynamic processes o f  the ocean ecosystems into which 
they will be released. There are four topics o f im m ediate concern: aquaculture o f the fish up 
to the release size, understanding the processes controlling juvenile  survivorship o f  cod, 
understanding the ecosystem  dynamics in the release area in order to assess the carrying capacity 
for cod, and developm ent o f the means to assess the im pact (on wild populations and on the 
ecosystem) o f  the release o f hatchery-raised fish. A fifth consideration is the evolution o f the 
program m atic infrastructure and m ulti-agency coordination o f  funding that will be required for 
any program  o f  stock enhancem ent o f  groundfish.
All w orking group reports indicated a need for tim e, m oney, and personnel, and several 
specified that com m itted leadership was o f fundam ental im portance. W e will also require 
methods to evaluate the success o f the enhancem ent efforts. A further point o f  agreem ent is the 
call for full participation in this effort by all constituent groups: fisherm en, the fishing industry, 
the scientific research comm unity, the fisheries agencies, and governm ent representatives. Any 
effort toward stock enhancem ent o f  cod in the N orthw est Atlantic must be coordinated 
regionally, to ensure that all political and geographic entities are full participants.
-1  -
In tro d u c tio n  to  th e  C od  Sea R an c h in g  W o rk sh o p
This w orkshop was designed to evaluate the prospects for stock enhancem ent o f groundfish in 
N ew  England. Several groups have suggested that we could reverse the trend o f  declining stocks 
o f  groundfish in N ew  England using a strategy based on aquaculture o f groundfish for release. 
The sea ranching o f  cod and other groundfish calls for the release o f  cultivated individuals into 
the sea, w here they m ust fend for them selves in the natural ecosystem . W hen they are 
sufficiently large, they can be caught again. In the case o f  cod, the goals o f  sea ranching 
include the enhancem ent o f natural stocks through release o f aquacultured individuals.
The U N H /U M  Sea G rant College Program  is not an advocate for this particular idea or any 
given approach. W e at the U N H /U M  Sea G rant College Program  organized this m eeting to 
provide a forum  for the exchange o f  ideas and inform ation. W ith this goal in m ind, we 
encouraged participation by diverse interest groups: research scientists, adm inistrators, 
politicians, fisherm en, and seafood processors. These groups w ere all able to provide their 
perspective on the prospects for enhancem ent at the m eeting.
The speakers fo r the m orning session covered a range o f  ideas, opinions, and inform ation that 
exists today. The speakers were encouraged to provide factual inform ation that would be useful 
in the decision-m aking and planning processes. They w ere also encouraged them to give their 
sum m ary views - i .e . ,  their opinion - based on their experiences. These summaries by people 
directly involved in fisheries and aquaculture are particularly  useful in evaluating the 
inform ation, som e o f  it contradictory, that surrounds the issue o f  sea ranching.
A prim ary objective o f this meeting was to identify those questions that must be answ ered in 
order to evaluate prospects for stock enhancem ent o f  groundfish. F o r example: sea ranching has 
two com ponents. The first is rearing o f the species to the appropriate stage for release. This 
in itse lf requires considerable technical and scientific expertise: m anipulation o f  the reproductive 
process, optim ization o f  diet, control o f  disease, and regulation o f  grow th. Design o f  the release 
strategy is also critical, including: size at release and seasonal tim ing and geographic siting o f 
release. D eterm ination o f  these and other param eters requires genuine understanding o f  the 
ecology o f  the ecosystem  into which the release is made. In both these areas - aquaculture and 
ecosystem  dynam ics - w e must identify those issues that are central to an evaluation o f  the 
prospects for stock enhancem ent o f groundfish.
D uring the afternoon, w e held a plenary brain-storm ing session to identify and prioritize topics 
that are critical to an evaluation o f  stock enhancem ent. W e called this session, "W hat D o W e 
N eed to K now ?". From  this listing, we identified a small num ber o f  high-priority topics that 
becam e the focus o f  working groups. Each group considered the following questions:
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W hat are  the steps to im plem entation?
W hat are  the obstacles to im plem entation?
W hat resources are  needed?
W ho should be involved?
Any consideration o f  prospects for stock enhancem ent w ill require a regionally coordinated, 
m ulti-faceted approach. An im portant goal o f this m eeting was to spot opportunities for 
collaboration. T he final elem ent o f this list, "W ho should be involved?",w as aim ed at building 
partnerships that w ill be essential for the rational consideration o f  prospects fo r stock 
enhancem ent o f  cod and other groundfish in the N ortheast U .S .
In tro d u c tio n  to  th e  C o d  Sea R an ch in g  W ork sh o p  (continued)
Ann Bucklin, D irec to r 
U N H  Sea Grant P rogram
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B R A IN -S T O R M IN G  SE SSIO N : W H A T  D O  W E  N E E D  T O  K N O W ?
1. W h a t co n tro ls  th e  su rv ivo rsh ip  o f ju v en ile  cod?
-W hat defines the "survival w indow "?
-W here/w hen/how  variable is survivorship?
-W hat is the m ortality/life table fo r cod: where is the rise  in slope o f  m ortality curve? 
(Can we afford to determ ine this?)
-W hat are habitat requirem ents fo r survival? (consider food and prey species 
abundances and substrate availability)
-W hat are the effects o f predators?
-How can you m easure or tag survival and survivorship? (consider: visible tags, color 
polym orphism , diagnostic pigmentation)
2 . W h en , w here , a n d  how  shou ld  re lease  o f cod be  done?
-W hat is the economically best size for release? 
-W hat is the critical age?
-How many larvae/juveniles should we release?
-How can w e use evidence from  other species?
-Can we provide suitable benthic habitat?
-W hat is the best artificial habitat for juvenile cod? 
-W hat is the target survivorship?
-Are there differences between raised/w ild fish?
3 . H ow  do we ra ise  th e  fish  p r io r  to  release?
-W hat is the best feed for post-yolk sac juvenile cod? (consider: nutrition and 
econom ics)
-How can w e m anage disease control during culture? (consider: inoculation)
-How many fish can you use fo r broodstock? How m any should you use?
-How m any larvae or juveniles can you produce?
4. W h a t m an ag em en t issues a re  associa ted  w ith  release o f re a re d  fish?
-W ill enhancem ent speed recovery?
-How can we sustain yield, not ju st enhance current stocks?
-W ho owns the fish? (consider: com m on ownership, retention o f  ownership with fish 
tagging)
-How can w e prevent small stocked fish from  suffering m ortality associated with 
being caught and discarded by harvesters?
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4. (con’t) W h a t m an ag em en t issues a re  associa ted  w ith  release o f re a re d  fish?
-W hat approach would be better than stock enhancem ent?
-A quaculture o f  fish with no release 
-S tronger management practices 
-P redator rem oval 
-Reduction o f fishing pressure 
-Scientifically based fishing strategies
-Encouragem ent for fisherm an to participate in scientific studies 
-H ow  is enhancem ent to be paid for?
-H ow  do w e show tangible results?
5 . W h a t aspects o f ecosystem  dynam ics will d e te rm in e  successfu l enhancem en t?
-W hat caused stock decline? (consider: over-fishing, pollution, disease, clim atic 
change, noxious dinoflagellate blooms)
-Can you im pact natural populations?
-W hat is the carrying capacity for cod o f  the ecosystem?
-H ow  is the carrying capacity for cod affected by other species?
-Sensitivity o f  ecosystem?
-W hat are  critical environm ental factors? (consider: ocean circulation, m eteorology, 
clim ate, event-scale environm ental issues, biological-physical linkages, food 
w eb dynam ics, species composition)
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W O R K IN G  G R O U P  R E P O R T
ISSU E : A Q U A C U L T U R E
W orking G roup Chairs: Terry Bradley, L arry  Buckley, L inda Kling 
W h a t a re  th e  step s to  im p lem en ta tion?
The first step in  any aquaculture process is to understand the criteria for broodstock 
selection and the m ethods o f their collection. A prim ary need is to m aster techniques for the 
m anipulation o f  spawning o f the species in  captivity. A lso, the genetic consequences o f 
broodstock selection - including inbreeding and drift - need to be taken into account in 
designing an appropriate strategy for controlled breeding.
The next critical step is to develop techniques to ensure successful larval rearing, 
including ensuring acceptable levels o f mortality and production o f  healthy fish. Several 
types o f systems should be considered for this process, including: enclosures, ponds, and 
land-based, circulating, or recirculating systems. W e should also, at an early stage, assess 
locations for hatchery sites, especially with regard to water quality.
A prim ary factor determining success at this stage is food; w e w ill need to consider 
both artificial and natural feeds for both economic and biological reasons. Tim ing o f 
weaning from  any artificial feed will also have considerable impact.
Tim ing o f  release, whether by age or size o f the fish, will be critical in determ ining 
both post-release biological processes and the econom ic costs o f  rearing. Optimization o f the 
timing o f release w ill require consideration o f a com plicated mix o f  factors, and will be 
critical to the overall effort.
D eterm ination o f  feasibility should be done at sm aller scales than that eventually 
anticipated for production. Thus, much consideration m ust be given to the challenge o f 
scaling up from  pilo t to production scales.
W h a t a re  th e  obstac les fo r  im plem enta tion?
The forem ost obstacle to successful aquaculture o f  groundfish, based on previous . 
studies with cod and other groundfish, and on the first principals o f m arine aquaculture, is 
disease. F o r any new system, the possible hurdles im posed by pathogenic organism s are 
essentially unknow n. A lso, num erous technical and econom ic problem s associated with 
spawning and rearing o f  cod on a large scale need to be overcom e.
D ischarge from  hatcheries is always a prim ary concern when any comm unity 
considers siting aquaculture activities nearby. Pollution o f coastal environm ents resulting 
from  com m ercial aquaculture is a very real danger; questions concerning the impact on 
environm ental quality m ust be resolved im m ediately. There are also potential legal hurdles
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in the siting o f  hatcheries in natural areas, such as ponds, because o f  environm ental quality 
concerns.
W h a t resou rces a re  needed?
Additional sources o f funding will be required to bring into effect the aquaculture o f 
groundfish. Special facilities require significant investm ents up front. Identification o f  the 
sources o f  these investm ent dollars is critical. W ithout a doubt, production-scale aquaculture 
o f groundfish will requ ire  a comm itm ent from  the Federal and State G overnm ents. Such a 
venture will be dependent upon the comm itted support o f  the fishing com m unity and 
industry.
Securing the support o f the disparate groups needed will require  excellent public  
relations, to ensure that aquaculture activities are viewed in a positive light by the public.
W ho shou ld  be  invo lved?
F irst and forem ost, aquaculture efforts w ill require a com m itted leader: a charism atic, 
hard-driving individual who can spearhead this effort. A ctive participation by representatives 
o f  the constituent groups is essential, including: aquaculturists, fisherm an, and local 
com m unities. T hroughout the process o f  bringing this effort into reality , the academ ic and 
applied research com m unity will need to provide advice and guidance.
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W O R K IN G  G R O U P  R E P O R T
ISSU E: P O S T -R E L E A S E  S U R V IV O R S H IP
W orking Group Chairs: Terry Bradley, L arry  Bradley, L inda Kling)
W h a t a re  th e  step s to  im p lem en ta tion?
The first requirem ent for determ ination o f post-release survivorship o f groundfish is a 
monitoring program . The program  should be regional in extent and may be either nearshore 
or offshore. Particu lar stations should be selected for periodic data collection. Station 
locations should be selected based on available inform ation on fish densities. Inform ation 
gathered should include fish abundances (using trawls and acoustic backscatter assessment) 
and plankton abundance (by net tows and acoustic backscatter assessm ent).
In addition to the monitoring program , a suite o f  ecosystem m easurem ents is essential 
to understand how release o f reared fish may impact the ecosystem s into which they are 
released, and vice versa. Study o f the population and stock structure o f cod and other 
groundfish should be continued, in order to estim ate probable dispersal patterns o f the fish. 
Ecosystem -level studies should be instituted to determ ine the carrying capacity o f the 
ecosystem in the areas targeted for release. The goal is to determ ine w hether actual densities 
are significantly below carrying capacities, thereby providing the opportunity for successful 
enhancement. T he com m unity structure and species abundances o f benthic habitats in the 
release area should be monitored closely; benthic habitats may provide a significant portion 
o f the prey species for groundfish, and may therefore be significantly im pacted by significant 
increases in fish abundance in the release area.
It is essential that we understand the physical oceanography, especially patterns o f 
ocean circulation, in the release area. Although such studies are outside the purview  o f any 
stock enhancem ent program , such studies must be encouraged, and their results made 
available to the people responsible for designing any release program .
It will be essential to discrim inate between wild and hatchery-reared fish, for 
biological, econom ic, and policy reasons. In biological term s, it w ill be essential to know 
whether the reared fish do as well as natural stocks, in term s o f survivorship and 
physiological health. Predation on released juveniles should be m onitored closely. F o r 
economic reasons, it will be essential to determ ine im pact o f any enhancem ent program  and 
to enable retention o f  "ownership" o f  reared fish, i f  this becomes legally possible. Sensible 
policies regarding fishing and ownership o f mixed reared and wild fish can only be draw n up 
i f  it is possible to discrim inate the fish on the basis o f their origins.
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W h a t a re  th e  obstac les fo r  im p lem en ta tio n ?
Any program  aim ed at assessing the survivorship o f  post-release groundfish w ill be 
labor-intensive and costly. A carefully-designed m onitoring program , circum scribed by the 
im m ediate goal o f  assessing survivorship, may be feasible.
A further obstacle is our lim ited understanding o f  the com m unity and physical 
dynamics o f  any potential release area. Both the biology and the physics are likely to be 
very com plicated. T here may also be som e difficulty in understanding the im plications o f 
existing data in term s o f  the questions asked above. H ow  do we assess carrying capacity o f 
an ecosystem  for a particular species? H ow  can we determ ine how it m ight have changed 
over time? These questions will be difficult to answ er using existing data.
W h a t resources a re  re q u ire d  fo r im p lem en ta tio n ?
Design o f  a field m onitoring effort w ill require use o f  existing data bases from  a 
variety o f sources. D ata should be sought from  previous program s in the anticipated release 
area from  any source.
Field m onitoring program s require significant funding; funding sources will have to 
be coordinated at the regional level to enable an adequate effort with sufficient geographic 
and tem poral coverage. Such coordination will require organization o f  research and 
m onitoring efforts, and the enlisting o f a t least several interested funding agencies.
A leadership group will have to take charge, and dem onstrate long-term  com m itm ent 
to the field m onitoring effort.
W ho shou ld  b e  invo lved?
The m onitoring effort should be targeted at the regional level, with involvem ent o f 
interested researchers, groups experienced in m arine m onitoring program s (including 
environm ental consulting firms) and program  m anagers from  several funding agencies, 
including EPA  and NO AA .
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W O R K IN G  G R O U P  R E P O R T
IS S U E : H A B IT A T  AND E C O S Y S T E M  D Y N A M IC S
W orking Group Chairs: Geir D ahle, H unt H ow ell 
W h a t a re  th e  step s to  im p lem en ta tion?
An ecosystem -level research program  is potentially enorm ously costly. In  order to 
m inim ize cost and avoid repetition o r duplication o f effort, w e should first identify program s 
and data bases that already exist for the G ulf o f M aine. Som e o f  these databases will be 
highly relevant for evaluating prospects o f  groundfish stock enhancem ent. W e should 
identify gaps that may exist in these data bases and design a sam pling regim e appropriate to 
fill gaps.
Using available data and carefully designed field program s, we should determ ine the 
tem poral and spatial distribution o f cod and other finfish species in the G ulf o f M aine. An 
early goal should be the definition o f the carrying capacity o f  cod and other groundfish and 
the developm ent o f  techniques to m easure it.
W h a t a re  th e  obstac les to  im p lem en ta tion?
The m ost significant obstacle to a program  designed to understand the ecosystem  
dynamics o f the G ulf o f  M aine as a potential release area for ranched groundfish are 
lim itations o f all critical resources: tim e, money, and personnel.
O ther im portant obstacles are our limited understanding o f the population dynam ics o f 
many species, including the species targeted for enhancem ent. T here is currently lim ited 
inform ation on the critical ecological processes that determ ine population dynamic 
phenom ena, such as: predator-prey relationships, food web dynam ics, and energy flow 
through the system.
W h a t resources a re  needed  fo r  im p lem en ta tion?
An ecosystem  level study o f  the G ulf o f M aine will require tim e, m oney, a 
coordinated team o f  scientists, and considerable facilities (e.g . vessels, laboratories, and 
equipm ent).
W ho  sh o u ld  be  involved?
An ecosystem  level study o f the G ulf o f M aine should include active participation by 
academ ic researchers, the fishing industry, state and regional aquaculture organizations, and 
state and federal agencies associated with fisheries.
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W O R K IN G  G R O U P  R E P O R T
IS S U E : F IS H IN G  P R E S S U R E  AN D IM P A C T  A S SE SS M E N T
W orking G roup Chairs: Roland B am aby, M ark  Lussier 
W h a t a re  th e  step s to  im p lem en ta tio n ?
. The critical step to im plem entation will be the identification o f  m arkers for the 
discrim ination o f hatchery-raised fish. It is currently unclear what type o f  m arker is best, 
and a  research program  is required to examine various m arkers and their costs and benefits 
fo r such a  program . The desirable attributes o f  this m arker are  that it m ust be easily 
identifiable, cost effective, non-m utilating, and have little im pact on the survivability o f  the 
fish
F o r full im plem entation o f stock enhancem ent, a  program  w ill be needed to retrieve 
the identification inform ation. It will be critical to identify a  person or group that retains 
prim ary responsibility for the interpretation o f the identification inform ation. C learly, the 
fishing industry m ust be a  full and w illing participant in this process; fisherm an m ust be 
com m itted to the accurate retrieval o f the identification inform ation.
W h a t a re  th e  obstacles to  im p lem en ta tio n ?
An early obstacle will be to obtain the funding for the research necessary to develop 
identification tags for hatchery-raised fish. The next obstacle will be to secure the 
cooperation o f  fishing industry.
There is another obstacle that is less obvious: a  som ew hat negative attitude on the part 
o f some portions o f the fishing com m unity. Com m unity attitudes can m ake the funding o f 
research projects to evaluate prospects for enhancem ent m ore difficult to obtain.
A nother attitude that will present an obstacle to im plem entation o f stock enhancem ent 
are  concerns - p rim arily  on the part o f  the environm ental conservation constituency - about 
alteration in the genetic m akeup o f natural populations o f groundfish that may be unavoidable 
with successful enhancem ent.
W h a t resources a re  re q u ire d  fo r  im p lem en ta tio n ?
Funding for research projects and the associated equipm ent is essential to evaluate 
possible m ethods fo r im pact assessm ent.
W e believe that a central agency or group program  will be required that retains 
prim ary responsibility for the interpretation o f identification data o f  ranched fish. This group 
should also be charged with the assessm ent o f the econom ic, environm ental, cultural, and 
social im pacts o f enhancem ent o f natural stocks o f groundfish.
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W ho shou ld  be  involved?
The fishing industry m ust m aintain active involvem ent and support o f  the concept o f 
stock enhancem ent. Fisheries organizations will also be required in any full-scale effort. 
Scientists, including academ ic researchers and research staff o f several agencies, w ill be 
needed to assist w ith the selection o f  appropriate m ethods fo r im plem entation and evaluation.
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W O R K IN G  G R O U P R E P O R T
ISSU E : P R O G R A M  D E V E L O P M E N T  AND F U N D IN G  C O N SID E R A T IO N S
W orking G roup Chairs: Ken Beal, R ich Langton, N orm  Stavis
W h a t a re  th e  s tep s  to  im p lem en ta tio n ?
Any approach to the evaluation and im plem entation o f  stock enhancem ent o f 
groundfish in the N ortheast should w ork within the New England G roundfish Reinvestm ent 
Program . Funding fo r the critical studies needed to evaluate prospects for the success o f 
enhancem ent with hatchery-raised fish should be provided from  these funds. Funding for the 
hatchery production o f  juvenile  fish for release into natural ecosystem s should be provided by 
private sources, including venture capital.
W e also recom m end the form ation o f a public/private corporation, the "G ulf o f  M aine 
Stock Environm ent C orporation", that would perhaps parallel the M aine Groundfish Study 
Commission.
W h a t a re  th e  obstac les to  im p lem en ta tio n ?
One o f  the gravest concerns is that as we slowly develop the research rationale, seek 
funding through the com petitive grants process, and devise an overall program  plan, the 
industry continues to approach collapse.
Since a coordinated program  w ill require funding from  a variety  o f sources, w e will 
need to w ork in a coordinated and complem entary fashion with m ultiple funding sources, 
including: the Saltonstall-K ennedy Program , the N ortheast G roundfish Reinvestm ent 
Program , the Sports F ish  Restoration Act, etc. Coordination o f  m ultiple, distinct funding 
sources can be very  com plicated, especially when there is a sense o f urgency.
The current lack o f  a m eans to rapidly and inexpensively determ ine the origin o f  fish 
and to distinguish betw een wild and raised fish is a significant obstacle to success. T he only 
means o f m aking stock enhancem ent through aquaculture profitable for individual com panies 
is through retention o f  ow nership o r paym ent for released fish. T here  is currently no 
m echanism  or policy  that would m ake this possible.
W e will also eventually require the assistance o f N O A A  funding for replacem ent o f 
industry funding for the initial investm ent phases.
W h a t resou rces  a re  needed?
A stock enhancem ent effort w ill require a m arriage betw een N O A A  and industry, 
both to provide funding and to pu t the program  into effect. W e would hope for increased 
attention to this particu lar effort from  N O A A /N M FS. W e also hope that USDA funding will 
be available for som e o f  the aquaculture aspects o f  this program .
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W e w ill also need to pursue legislative support for such a program . I f  early research 
suggests that stock enhancement o f groundfish is econom ically feasible, we m ight expect 
support from  the N ew  England Congressional delegation.
W ho sh o u ld  be  involved?
The players in the program m atic effort should include the private industry lobby, the 
governm ental scientific sector, and N O A A ’s new O ffice o f Sustainable D evelopm ent (John 
Bullard, D irector).
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O ctober 26th, 1993 at T he N ew  England Center, U N H , D urham , N H  
8:30 Registration / Coffee and Pastries
9:00 W elcom e; D r. Ann Bucklin, D irector, U N H  Sea G rant Program
9:15 Results o f  the M asfjorden Experim ent in Cod Enhancem ent, N orw ay; G eir D ahle, 
D eputy H ead, Aquaculture D epartm ent, Institute o f M arine Research, B ergen, 
Norw ay
10:15 Com parative Results o f Stock Enhancem ent in Various Species; D r. H unt H ow ell, 
Professor o f  Zoology, U niversity o f New H am pshire, D urham , N H
10:45 C O FFEE BREAK
11:00 Industry Perspective: How W e Got H ere and W here W e N eed To Go; N orm an 
Stavis,
President, N orth Coast Seafoods, Boston, M A
11:30 Research Perspective o f Cod Ranching: Studies o f E arly  L ife  H istory; D r. L arry  
Buckley, U R I/N O A A  Cooperative M arine Education and ResearcNdfragaaneft, RI
12:00 Sea Ranching: The M aine Approach; D r. Richard Langton, M aine D epartm ent o f 
M arine R esources, Boothbay H arbor, M E
12:30 Lunch at the N ew  England Center (catered)
1:30 Plenary Session: W hat D o W e Need to Know to Proceed?
2:30 W hat A re the N ext Steps? (Form ation o f W orking Groups)
3:00 C O FFEE BREAK
4:00 Sum m ary o f  Strategic Plan(s) (W orking G roup Reports)
5:00 Adjourn
S p o n so red  by  the N ew  H am pshire /  Maine S ea  G rant Program  
Q uestions?  Call UNH S ea  G rant (6 0 3 -7 4 9 -1 5 6 5 ) or A nn Bucklin (6 0 3 -8 6 2 -0 1 2 2 )
C o d  Sea R an ch in g : Id en tify in g  th e  N ext S teps
M EETIN G  AG END A
14
ABSTRACT OF PR ESEN TA TIO N
R esu lts  o f th e  M a sfjo rd e n  E x p e rim en t in  C od  E n h an cem en t, N orw ay
G eir Dahle, D eputy H ead o f the A quaculture D epartm ent 
Institute o f M arine Research 
B ergen, NORW AY
Norwegian cod sea ranching program s have provided valuable inform ation fo r future, 
sim ilar program s in  different habitats o r areas. B iological and ecological know ledge about 
the release sites, as well as knowledge about physical and chemical conditions is vital to be 
able to m easure the im pact o f release and to optim ize release strategies. Surveys o f the 
release and grow -out areas before and during a restocking or enhancem ent program  is a key 
factor in the developm ent o f ecologically- and economically-based sea ranching program s. 
Several factors (including price and quality o f juveniles, and the value o f the recaptured fish) 
will determ ine w hether sea ranching can be econom ically feasible. T here is usually a close 
correlation between the quality o f the juveniles and their prospects for survival. The quality 
o f the juveniles should then be a second key factor in the developm ent o f a sea ranching 
program .
I f  the aim  o f the release program  is a "put and take" fishery, it is not essential that 
the reared individuals resem ble wild conspecifics. H ow ever, strict dem ands m ust be m ade of 
the individuals that are to be released in an enhancem ent or restocking program . The 
consequences o f releasing genetically divergent individuals with unnatural behaviors may 
result in reduced survival rates. I f  the aim  o f the release program  is to enhance recruitm ent 
to overfished populations, the released anim als m ust also have natural spawning behavior. 
A rtificial rearing environm ents will produce individuals that differ in some traits from  wild 
populations, but the deviations from  norm al behavior and phenotype appear less in cod 
produced in natural sea water ponds com pared to fish reared in com m ercial plastic or 
concrete pens.
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ABSTRACT OF PRESENTATION
Comparative Results of Stock Enhancement in Various Species
Hunt Howell, Professor of Zoology 
University of New Hampshire 
Durham, NH
Declining natural populations, combined with advances in finfish aquaculture 
techniques, have caused a resurgence of interest in stock enhancement. Research associated 
with enhancement is both widespread and diverse. At present, there are well over 50 species 
being evaluated, and studies are being conducted in a dozen or more countries. Two largely 
government-supported stock enhancement programs in the United States, the red drum efforts 
in the Gulf of Mexico and the striped bass efforts along the eastern seaboard and Gulf of 
Mexico, were discussed. Approximately 15 million juvenile fish are released each year in 
both of these programs. Although natural populations of both species have risen since the 
implementation of stocking, there are insufficient data to demonstrate that these increases 
have resulted from the enhancement efforts. Indeed, given the very high mortality of the 
stocked fish, it is probable that very strict fisheries regulations, imposed along with the 
enhancement programs, may have resulted in the observed population increases.
A third enhancement program, involving the Japanese flounder, was discussed. This 
effort is being supported by the Japanese government and the fishing industry and has been 
quite successful. The program’s success has resulted from relatively low production costs, 
high survival rates of stocked fish, high market value of this species, and very restrictive 
harvesting regulations.
A broad overview of stock enhancement efforts to date leads to the conclusion that 
enhancement is technically feasible for many species, but that much more research is needed 
before it becomes economically feasible for most species. Lastly, it was noted that stock 
enhancement cannot, at least in the near future, be considered as an alternative to 
increasingly restrictive fisheries management plans.
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ABSTRACT OF PRESENTATION
Industry Perspective: How We Got Here and Where We Need To Go
Norman Stavis, President 
Northcoast Seafoods 
Boston, MA
Abstract not yet available
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ABSTRACT OF PRESENTATION
Research Perspective of Cod Ranching: Studies of the Early Life History
Larry J. Buckley 
URI/NOAA CMER Program 
University of Rhode Island 
Narragansett, RI
The Early Life History Investigation at the Northeast Fisheries Science Center, 
Narragansett Laboratory, has been spawning and rearing marine fishes in captivity for over 
two decades. The eggs and larvae produced are used for experimental studies of the effects 
of natural and anthropogenic variability on growth and survival. The group has spawned and 
reared to the juvenile stage many of the important demersal and pelagic species found in the 
Northwest Atlantic, including cod (Gadus morhua), haddock (Melanogrammus aeglefinus), 
silver hake (Merluccius bilinearis), summer flounder (Paralichthys dentatus), winter flounder 
(Pleuronectes americanus), yellowtail flounder (.Limanada fer'ruginea), tautog (Tautoga 
onitis), mackerel (Scomber scombrus), and sand lance (Ammodytes americanus).
Characteristics of cod that make the species a good candidate for aquaculture include: 
1) the ability to produce viable eggs through most of the year by manipulation of temperature 
and photoperiod, and 2) good growth and survival at low prey densities (<100 
plankters/ml). On the negative side, cod have a high rate of cannibalism. As is the case for 
most marine fish, cod larvae have an absolute requirement for live food during the larval 
stage. Cod larvae are too small at first feeding to consume brine shrimp.
Net pen culture of larvae was discussed as an alternative to either land-based culture 
or pond culture as practiced by the Norwegians. Results with winter flounder and tautog in 
Rhode Island estuaries showed average survival and extremely high growth compared to 
traditional laboratory culture. Larvae can be stocked in the enclosures at hatching.
A need for more information on the timing and causes of mortality during the early 
life stages of cod in the environment was stressed. The role of physical forcing and 
biological interactions on recruitment of cod is under active investigation currently by 
researchers at several institutions funded by NSF, NOAA, and the US Global Climate 
Change Program.
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ABSTRACT OF PRESENTATION
Sea Ranching: The Maine Approach
Richard W. Langton 
Maine Department of Marine Resources 
West Boothbay Harbor, ME
The first regular session of the 116th Maine Legislature saw the introduction of a bill 
entitled,"An Act to Establish Cod Hatcheries". In its original form the bill proposed a $100 
surcharge on all commercial fishing licenses in 1993 for the construction of two groundfish 
hatcheries along the Maine coast. Following public hearing the bill was rewritten to create a 
13 person groundfish hatchery study commission, with representatives from the scientific, 
fishing, business and environmental communities, that has two specific charges. By January 
1, 1994, the Commission is to report to the Legislature regarding the economic feasibility of 
producing hatchery-raised groundfish in the State at a production level that will affect the 
fishery. If this first charge results in a positive report then the Commission will, by January 
1, 1995, determine the need for one or more hatcheries and the appropriate methods for 
revitalizing localized schools of groundfish, and the tendency of groundfish to return to their 
breeding areas. In addition, the Commission will study the relationship between hatchery- 
raised fish and wild stocks to determine the impact of introducing hatchery-raised groundfish 
into the groundfishery. The operation of the Commission is funded through a $10 surcharge 
on all commercial fishing licenses issued in 1994.
As of the end of October, members of Maine’s Groundfish Study Hatchery 
Commission were appointed and the group has formally met once to consider a plan of 
action. This plan, which is consistent with the first Legislative charge, includes the 
development of an economic model to evaluate potential hatchery success. The input 
parameters for the model have been identified and the logic flow developed to the point that 
a very preliminary example was run and a "ballpark" estimate of economic viability 
generated for illustrative purposes at the present meeting.
The critical determinant of economic viability is accurately determining the survival 
of hatchery reared fish until capture in the fishery. The necessary survival rate depends upon 
a series of factors that can be estimated from previous fish hatchery experience or from 
biological and economic information that is readily available. These input parameters include 
1) knowledge of the timing of critical life stages (e.g., the time of first feeding for larval 
gadoid fishes), 2) the rate of natural mortality for juvenile and older fish, 3) weight at age,
4) catch at age, 5) price per unit weight of harvested fish (e.g., landed value), and 6) 
hatchery and other operating costs. The model is then run by making an initial guess for the 
required survival rate from the hatchery through to adulthood. The costs and benefits are 
accumulated and the original guess refined until a "breakeven" hatchery survival rate is
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Sea Ranching: The Maine Approach (continued)
determined. Whether this survival rate is feasible is a biological judgement. These 
calculations can be repeated for any species of fish and can consider enhancement programs 
based on larval release, juvenile release, or up through the aquacultural production of an 
adult, market size, fish.
Two examples were presented at the meeting that demonstrate the required survival 
rate, of hatchery released larvae up through age at capture, for the breakeven of a larval 
release enhancement program. The biological input data were based on Atlantic cod with an 
estimate of larval production costs from salmonid production. In the first instance, catch rate 
ranged from 30% to 70% of the entire population of fish being landed in any one year and 
larval production costs ranged from $0.02 to $0.03 per hatchery produced larvae. The 
interest rate, price per pound of fish, and natural mortality were held constant at 10%, $1.20 
and 20% per year respectively. The resulting breakeven survival rate ranged from 8 to 13 
larvae per 1000 larvae released. In a second example the catch rate was held constant at 
50% while the interest rate varied. In this case the breakeven survival rate ranged from a 
low of 7 per 1000 when the interest rate was set at 5% and catch rate was 30% to a high of 
18 per 1000 when the interest rate rose to 20% and cost of larval production increased to the 
maximum of $0.03 per larva.
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Cod Sea Ranching: Mailing List
Spencer Apolionio 
31 Eastern Avenue 
Boothbay Harbor, ME 04538
Michael Belanger * 
The Finnns Group 
Bedford Road 
Lincoln, MA 01773 
(617) 259-8776
Kenneth Beal *
NMFS
One Blackburn Drive 
Gloucester, MA 01930 
(508) 281-9267
Harold Mears *
NMFS
One Blackburn Drive 
Gloucester, MA 01930 
(508) 281-9243
Fred Binkowski 
University of Wisconsin 
600 E. Greenfield Ave. 
Milwaukee, WI 53204 
(414) 382-1723
Walter Blogoslawski * 
NMFS - Milford Labs 
212 Rogers Ave. 
Milford, CT 06460 
(203) 783-4235
Larry Buckley *
URI/NOAA CMER Program 
Graduate School of Oceanography 
Narragansett, RI 02882 
(401) 792-6671
Donna Busch * 
NOAA/NMFS/NEFSC 
28 Tarzwell Drive 
Narragansett, RI 02882 
(401) 782-3270
Dr. Terry Bradley * 
Dept, of FAVS 
Bldg. #14-URI 
Kingston, RI 02881 
(401) 792-2114
Noel C. Carlson * 
Coastal Marine Lab 
P.O. Box 474 
New Castle, NH 03854 
(603) 433-1290
Christopher Duffy * 
74 High Street 
Stratham, NH 03885 
(603) 772-0416
Dr. Kevin Eckelbarger 
University of Maine 
Darling Marine Center 
25 Clark’s Cove Road 
Walpole, ME 04573 
(207) 573-3146
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Cliff Goudey *
MIT Sea Grant 
Bldg. E38-372 
292 Main Street 
Cambridge, MA 02139 
(617) 253-7079
Conrad Griffin 
University of Maine 
Room 106 - Libby Hall 
Orono, ME 04469 
(207) 581-3168
Dr. B. R. Howell
NAFF Fisheries Laboratory
Conwy
Swyned
UNITED KINGDOM LL32 8UB
Prof. John Huguenin 
Massachusetts Maritime Academy 
P.O. Box D
Buzzards Bay, MA 02632 
(508) 830-5000, X2060
Mike Irons *
14 Knights Ave., #4 
Kittery, ME 03904 
(207) 439-4559
Linda Kling *
5763 Rogers Hall 
University of Maine 
Orono, ME 04469 
(207) 581-2735
Michael Ludwig * 
NOAA/NMFS 
212 Rogers Ave. 
Milford, CT 06460 
(203) 783-4228
Mark Lussier *
7 Bentley Street 
Salem, MA 01970 
(508) 745-6989
Arline Moritz *
BLS International 
100 Inman Street 
Cambridge, MA 02139 
(617) 876-2883
George Nardi *
New England Fisheries 
309 World Trade Center 
Boston, MA 02210 
(617) 439-5480
Rick Pearson *
37 Edgewood Road 
Mangdid, MA 01930 
(508) 281-9265
William Rickards 
Virginia Sea Grant Program 
Madison Hse - 170 Rugby Rd. 
Charlottesville, VA 22903 
(804) 982-3694
Philip and Evelyn Sawyer * 
RR#1, Box 1045 
Kennebunkport, ME 04046 
(207) 985-7957
Prof. Jennifer Specker 
Department of Zoology - URI 
Kingston, RI 02881 
(401) 792-2658
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Robert Tuttle 
174 Wednesday Hill Road 
Lee, NH 03824 
(603) 659-3827
Kris Van Orsdel * 
306 Winslow Hall 
University of Maine 
Orono, ME 04469 
(207) 581-3180
Robert Wall *
5715 Cobum Hall, Rm. 14 
University of Maine 
Orono, ME 04469 
(207) 581-1435
James Widman * 
NMFS
212 Rogers Avenue 
Milford, CT 06460 
(203) 783-4208
James Wilson *
302 Winslow Hall 
University of Maine 
Orono, ME 04469 
(207) 581-3101
Halli Bjorgolfsson 
38 Highland Road 
Wareham, MA 02571
Rep. Frank Farren, Jr. 
P.O. Box 224 
Cherryfield, ME 04622 
(207) 546-7555
Norm Stavis, President * 
Northcoast Seafoods 
12-14 Fargo Street 
Boston, MA 02210 
(617) 345-4400
Edward Ames 
P.O. Box 274 
Stonington, ME 04681 
(207) 367-5907
Chris Bartlett 
Marine Trades Center 
RR#1, Box 74 
Eastport, ME 04631 
(207) 853-2518
Bradford Burns 
KEMKO, Inc.
18 Merrill Road 
Falmouth, ME 04105 
(207) 797-7473
Prof. Barbaros Celikkol * 
Mechanical Eng. Dept. - UNH 
Kingsbury Hall 
Durham, NH 03824 
(603) 862-1940
Prof. Wendell Brown *
OPAL - Morse Hall 
University of New Hampshire 
Durham, NH 03824 
(603) 862-3153
Prof. Hunt Howell * 
Zoology Dept. - UNH 
Spaulding Life Sci. Ctr. 
Durham, NH 03824 
(603) 862-2109
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Prof. Tom Kocher 
Zoology Dept. - UNH 
Spaulding Life Sci. Ctr 
Durham, NH 03824 
(603) 862-2115
Richard Langton *
Dept, of Marine Resources 
P.O. Box 8
W. Boothbay Harbor, ME 04575 
(207) 633-5572
David Miller 
Penobscot Salmon 
RR#1, Box 195 
Franklin, ME 04634 
(207) 422-3773
Peter Pierce 
15 Wainwright Drive 
Cape Elizabeth, ME 04107 
(207) 799-9648
Prof. Peter Sale * 
Zoology Dept. - UNH 
Spaulding Life Sci. Ctr. 
Durham, NH 03824 
(603) 862-2105
Charles Saunders 
RR#5, Box 2472 
Cundy’s Harbor, ME 04011 
(207) 729-3793
William Smith 
Box 264
Jonesport, ME 04649 
(207) 497-5696
Willis Spear, Jr.
Birchwood Ave.
Cousins Island, ME 04096 
(207) 846-9279
Prof. Geoff Savage *
Dept, of Mechanical Eng. - UNH 
Kingsbury Hall 
Durham, NH 03824 
(603) 862-1356
Prof. Win Watson 
Zoology Dept. - UNH 
Spaulding Life Sci. Ctr. 
Durham, NH 03824 
(603) 862-1629
An asterisk ( * ) following the name indicates that the person attended the meeting
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